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Vehicle-based gas leak detection using

laser-based resonant technology

The new EU methane regulation requires network operators to establish comprehensive programs for
detecting and repairing methane leaks
measurement methods are available to meet the reporting requirements associated with the new
regulation and at the same time cope with the increased monitoring effort. This technical article describes
and explains how it can be used in practice.

by: Volker Heimburger (Schiitz GmbH Messtechnik)
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With the EU Methane Regulation
ed in August 2024, the European Union
is pursuing the goal of systematically
cd@rding, evaluating, and gradually reducing
methane emissions in the energy sector. The
regulation is part of European climate policy
and also targets the gas sector, which is
responsible for a portion of methane
emissions. As a greenhouse gas, methane is
significantly more harmful to the climate than
CO; and is therefore to be subject to
increased regulation. Against this backdrop,
the regulation establishes binding
requirements for the first time for emissions
monitoring, the assessment of leaks, and the
prioritization of

repairs.

The regulation requires network operators to
establish and implement a comprehensive
LDAR (leak detection and repair) program.
This applies to the scope and

Period Type 1 (months) Period Type 2 (months)
3/6 6
9 24
15 36
15 36

. Various

Frequency of inspections, documentation, and
prompt repair of detected leaks.

Specifically, the EU regulation stipulates, for
example, a doubling of the number of
kilometers of pipeline to be inspected
compared to the previous requirements of
DVGW worksheet G 465-1 (Table 1). This
means that network operators must inspect
longer sections at significantly shorter
intervals. For many network operators, this
results in a considerable conflict between
available human resources, external specialist
services, and the inspection services required
by regulations.

Another key aspect is the quantification of
methane emissions. In addition to detecting
leaks, the regulation also requires the
measurement of the amount of methane
escaping and its allocation to specific sources.
This necessitates the use of new technical
methods that ensure reliable area coverage,
high measurement accuracy, and verifiable
localization.

The EU Methane Regulation refers to limit
values of

1,000 parts per million (ppm) at the soil/air
interface. Although this threshold roughly
corresponds to the previous detection limit
specified in DVGW worksheet G 465-1, it is
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In the European context, the
inspection cycles have been
significantly shortened and the

classification of DVGW Note G 465-3
has not been taken into account.
Leaks are divided into two categories:

e Leaks above 1,000 ppm must be
eliminated within a short period of
time.

e Leaks below this threshold value
must continue to be monitored and
documented.

Unlike German practice, however,
the EU regulation does not classify
leaks as A, B, or C. The German
system is based on a risk assessment
that takes into account both the size
of the gas leak and the surrounding
situation. This cannot, of course, be
ignored and must be integrated into
the process. The EU regulation
stipulates
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On the other hand, the focus is on
the amount of emissions as a
criterion for the urgency of the
repair. This results in a structural
conflict of objectives: network
operators must repair leaks at short
notice even if they do not pose an
acute hazard according to German
regulations but have a higher
emission rate. In practice, this leads
to new prioritization strategies and
increases the pressure on
construction activities.

Another problem lies in the definition
of leak assessment: while the
measurement of gas concentration at
ground level is relatively well
established, there is currently no
standardized method for measuring
emissions at source and location level.
The current transition phase between
national regulations and European
requirements is therefore leading to
uncertainties in implementation.
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The reporting requirements of the EU
Methane Regulation will apply at site
level from 2026 and at source level
from 2027. Network operators will
then not only have to document the
condition of the network and the
LDAR measures carried out, but also
quantify the emission sources
specifically. This is based on Article 14
of the Regulation, which stipulates
that emissions must be measured "as
close as possible to the source."

In practice, this means a combination
of comprehensive detection and
targeted source measurement using
various measurement  systems.
Permitted methods include:

* The cover method, in which the
escaping gas flow is captured via a
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This method is recognized under
the OGMP standard (Level 4) and
allows direct emission
measurement on site.

e The drilling method, in which a
sample is taken from the ground
above the leak. However, this
method requires significantly more
time and personnel.

The choice of method depends,
among other things, on the size of
the leak, the environment, and the
available Due to the
greatly reduced repair cycles and the
ongoing shortage of skilled workers,
widespread use of the time-consuming
drilling method is hardly realistic.
Instead, a combination of automated
vehicle inspection for identification
and selection, followed by targeted
emission measurement at source, is a
more  suitable approach. The
integration of vehicle-based systems
into the LDAR strategy is therefore a
technical and organizational response
to the new challenges.

resources.

The range of technical systems for
detecting gas leaks is broad, ranging
from conventional handheld devices
to vehicle-based systems above the
pipeline to new technologies for
vehicle-based gas network
monitoring and emission
measurement with wind sensors.

Conventional probe technology
Gas detection probes and measuring
devices with ppm resolution have
been standard equipment for network
monitoring for decades. They enable
the detection of methane above the
pipeline axis and are primarily used
for safety-related monitoring.
However, their use requires direct
access to the pipeline. The detection
performance of these systems is
therefore limited to the immediate
area above the pipeline. With regard
to the large-scale monitoring required
by the EU, conventional probes are
accepted by EU regulations, but can
reach their methodological limits.

, conventional probes are accepted
by EU regulations, but they can reach
their methodological limits.

Vehicle-based systems

above the pipeline

These systems can perform safety-
related tests in accordance with
DVGW worksheet G 465-1 and are
cost-effective. However, one
disadvantage is that monitoring is
carried out with reference to the
pipeline, which means that house
connections and often also the
supply lines in urban areas cannot be
adequately tested. By expanding
these systems to include wind data,
the EU requirements can be met. The
range of such systems is generally
shorter than that of highly sensitive
technology. However, with the
additional wind measurement, it is
possible to check up to the property
boundary, as required by the EU
regulation.

Vehicle-based systems

with wind sensors

Various measurement approaches
are currently available in the field of
vehicle-based gas leak detection
using wind sensors. These differ
significantly from one another in
terms of the physical measurement
principle, the integration effort, the
area of application, and the
investment and operating costs.

For example, there are vehicle-based
systems with wind sensors that use a
cavity ring-down spectrometer and
thus have a very high measurement
sensitivity. They can detect methane
concentrations down to the sub-ppb
range and, in combination with wind
direction and wind speed
measurement as well as GPS, enable
the detection of suspected leak areas.
However, these systems require large,
specially equipped vehicles and incur
considerable acquisition and
operating costs.

Laser-based resonant technology, a
modern measurement method for
detecting methane,

and ethane emissions, the latest laser
technology is used, which operates in
a special infrared spectral range and
enables selective excitation of the
target gases. The
resolution of this
technology is in the range of a few
ppb for methane and ethane. Due to
its robustness and modular design,
the technology can be flexibly
integrated into various vehicle
platforms. Compared to alternative,
highly sensitive methods, the overall
system engineering effort is lower,
resulting in moderate investment and

concentration
measurement

operating costs. Particularly
noteworthy is the very robust design
without complex mechanical

systems. This makes it easier to use in
the network operator's measurement

environment and reduces
maintenance costs.
The resonant laser technology

method developed by Fraunhofer IPM
in collaboration with Schitz GmbH
Messtechnik is based on laser
spectroscopy. It uses state-of-the-art
laser technology to excite specific
absorption lines of methane and
ethane. Modulation of the laser
current enables selective
measurement of the target gases. The
absorbed radiation generates
pressure waves in a specially
designed measuring cell, which are
detected by a sensor. The resonant
elevation within the measuring cell
enables high resolution with low
detection limits.

The minimum volume of the system's
measuring cell is only a few milliliters.
Due to the short gas exchange time,
the system achieves a fast response
time. The measurement frequency is
high enough to ensure sufficiently
dense data acquisition and sufficient
spatial resolution even at driving
speeds of up to 50 km/h. By
separating methane and ethane, it is
possible to detect concentrations
above a certain threshold determined
by the Mi-
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Source: Schiitz GmbH Messtechnik

Abbi 1: LDEM 2000 measuring system with wind

sensor technology,
integrated into an off-road vehicle

concentration  of  natural gas
determined by the measurement
ratio, biogenic methane sources can
be distinguished from natural gas
leaks. Since the acoustic signal is
detected directly by a sensor, the
measured values are recorded
without conventional optoelectronic
detectors. This reduces susceptibility
to optical interference sources and

contamination.

The laser-based LDEM 2000 resonant
system was developed specifically for
mobile use. Thanks to its compact
design and low power consumption, it
can be flexibly integrated into various
types of vehicles. These include not
only

large measurement vehicles, but also
smaller platforms such as passenger
cars or light off-road vehicles (Fig. 1).
Installing the system in smaller
vehicles makes it possible to
efficiently drive over even hard-to-
reach sections of pipeline.

The central system architecture
comprises two separate measurement
modules for

Mixed doubles
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Methane and ethane. This enables
independent and simultaneous
detection of both gases. Continuous
wind measurement provides not only
the speed but also the exact wind
direction, which is essential for
calculating the suspected leak areas.
Integrated sensors record the vehicle
speed and collect GPS data, ensuring
accurate georeferencing of the
measurement data.

The measurement data, including the
coverage areas achieved, is visualized
in real time on a tablet PC. While
driving, the wuser receives direct
feedback on the concentrations
recorded, the current wind direction,
and the area monitored. The data is
stored locally on the end device;
there is no obligation to use an
external cloud. This is particularly
important for many network
operators from a data protection
perspective. Data storage and
processing is transparent and open
for the user. The raw measurement
data is available and can be exported.

The data can be exported in KMZ,
Geodata, or CSV format, allowing for
easy transfer to common GIS systems
(Fig. 2). The use of KMZ data allows

for  verifiability = even  without
installing software in the Internet
browser. In addition, the Scout

software can generate emission
reports in KMZ format that comply
with the requirements of the EU
Methane Regulation.

The overall process of emission
measurement in network
operation

Preparation and planning

Before vehicle-based emission
measurements  begin, structured
operational planning is carried out
based on the available network and
geoinformation. This takes into
account the pipeline sections to be
investigated, possible access routes,
relevant environmental conditions
(e.g., wind conditions, building
density), and any restrictions on
vehicle access. In addition, historical
leak data and operational information
can be incorporated into the

planning to optimize route planning
and focus on critical areas.

Data collection during the
measurement run

Data is collected in flowing traffic at
speeds of up to 50 km/h. The
sensitivity of the system allows
methane emissions with a leakage
rate of 5 g/h or less to be detected
from a distance of 15 m. Continuous
recording of concentration data in
combination with wind speed and
direction data enables the monitored
area to be determined precisely. This
is displayed in real time as an area on
the screen (Fig. 3).

direction enables the monitored area
to be determined precisely. This is
shown in real time as an area on the
display (Fig. 3).

Preliminary assessment and
selection During the measurement
run, numerous suspected leak areas
are identified, which are subjected to
an automated preliminary assessment
in the first step. An essential criterion
here is the ratio of ethane to
methane. Since biogenic sources
usually do not contain any ethane,
this gas composition can be used to
determine

Schutterlindenberghof,

I
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Source: Schitz GmbH Messtechnik

Fig. 2: Entire controlled inspection area with wind cover and marked suspected leak location (orange marker point)
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A preliminary distinction can be
made and the number of suspected
areas to be validated can be reduced.

Validation and localization

The suspected areas identified during
the measurement run are specifically
revisited or checked manually. Minor
leaks that cannot be classified with
certainty due to wind conditions, low
ethane concentration, or dilution
effects can be verified by repeating
the measurements. If necessary, the
exact location is determined using
handheld gas detectors.

Quantification and

reporting

The measured concentrations are
converted into emission quantities,
taking into account the recorded wind
data and vehicle speed. The results
are included in reports to the
relevant authorities and are used to
prioritize repair measures.

Compared to other systems with
wind sensors, the LDEM 2000
measuring system is characterized by
low technical integration costs. There
is no need for Ilarge, specially
equipped vehicles. Data collection is
GDPR-compliant and can be
processed entirely within the network
operator's system. Thanks to its
robust design and resistance to many
environmental influences, the system
is also suitable for use in difficult
terrain. Quantitative detection of
methane and ethane is integrated as
standard in the LDEM 2000 and
allows a comprehensive assessment
of the leakage potential and emission
volume. Continuous real-time
visualization of the coverage areas
during  driving  enables  direct
verification of the measurement
strategy and records the network

energy | water practice  10/2025

Fig. 3: View into the cockpit of the test
vehicle with control of the test track
and measurement results via the
display

clearly  and efficiently. Unlike
comparable systems, the LDEM 2000
has a modular design and can also be
retrofitted to existing vehicle
platforms.

The laser-based resonant technology
implemented in the LDEM 2000
system is a technically mature
solution that meets all the
requirements of the EU Methane
Regulation and can compete with
conventional systems. The system was
specially designed for practical use in
network operation and is suitable for
overcoming the personnel and
organizational challenges associated
with the implementation of
comprehensive emission monitoring
and reporting.

Integration into different vehicle
platforms enables efficient detection
of methane concentrations in the
vicinity of pipelines and in rough
terrain. The high data point density,
even at high speeds, enables reliable
analysis, prioritization of leaks
according to emission relevance, and
timely reporting in accordance with
regulatory requirements.

Another advantage of the
methodology is the ability to
differentiate between fossil and

biogenic methane sources through
ethane measurement and the rapid
documentation of identified sources
(biogas, sewage treatment plants,
etc.). This distinction is particularly
important in the context of emission-
based prioritization of measures. The
LDEM-2000 system thus enables
efficient and practical
implementation of the EU Methane
Regulation while offering network
operators a robust, adaptable, and
cost-effective solution for fulfilling
their monitoring and reporting
obligations.

Volker Heimburger is the managing
director of Schiitz GmbH Messtechnik.

Contact:

Volker Heimburger

Schiitz GmbH Messtechnik
Einsteinallee 5

77933 Lahr

Tel.:
Email:info@schuetz-messtechnik.de
Website: www.schuetz-messtechnik.de
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